Facilities location is a strategic decision which has to be carefully considered because it could involve the failure or success of a business. For that reason, anything that helps decision makers to facilitate their location decision processes is of their utmost interest. The aim of this paper is, therefore, providing a methodology that could be useful for the decision makers by giving them not only an optimal point but also a whole region where they can focus on their attention. Knowing that biofuels are settling as a new alternative energy source which has been spreading around the world to reduce greenhouse gas emissions and oil dependence, this methodology is tested in the real case of locating a biorefinery in Navarre, Spain. Moreover, A Mixed Integer Linear Programming (MILP) model has been developed to generate optimal region vertices as well as some other supply chain characteristics, including, among others, which crops are going to be harvested, when they are going to be collected, and their storage levels. Additionally, two criteria were implemented in MILP model to create two optimal regions: one considering an economic criterion and other one minimizing environmental impact. As a result, two regions were drawn in the Navarrese territory that point out where a biorefinery should be located and how the supply chain should be designed. 
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Introduction
The location of a specific facility may be the difference between bankruptcy and success of its associated business. Decisions about location are said to be strategic because they require a large amount of resources which will have a long projection over time. Thus, locating a facility is a crucial decision companies usually have to face, at least, once in their life. For that reason, a lot of attention has been paid to develop several tools (Decision Support Tools, DST) that help decision makers to support their decisions in general, and their facility location decisions in particular. Such is the case that a whole branch of Operations Research deals with this kind of problems, which is known as Facility Location Problem (FLP).
Factors affecting locations decisions are unlimited, however, researchers have tried to identify the most important ones in order to measure and implement them in their DST. For instance, Chan (2001) considered two great factors classes: tangible factors (easy to quantify), which include transport costs, staff costs, energy costs, land availability, taxes…; and intangible factors (difficult to quantify), such as government stability, competitors, costumers/workers preferences, pollution and others. Then, some qualitative and/or quantitative analyses have been performed to obtain an optimal location given the aforementioned factor (Daskin, 2013) . However, many problems can arise (administrative or legal issues, underestimated cost, unconsidered negative factors, etc.) when obtaining just a point to locate a facility once you have considered all the factors. For that reason, it is useful not only providing an optimal point to set up a firm but also a whole area to be considered by decision makers, or even several areas following. By doing so, the DST became a complete tool that helps the decision makers to locate the facility, providing information of two types: positive (the set of points being candidates for the location) or negative (set of points which should not locate the facility).
As a way to illustrate the previous methodology, this paper aims to determine optimal regions to place a biorefinery. A biorefinery can be defined as a complex facility that uses biomass as feedstock for the sustainable production of a range of different products (mainly biofuels, but also chemical commodities and electricity) which requires the integration of a huge variety of technologies (Cherubini et al, 2009 ). The biofuels have been reaching more and more interest because they search a worthwhile substitution for fossil fuels in transportation sector. Firstly, the fact that biofuels are usable in current vehicle setup make simpler their adoption and growth (Al-Mulali, 2015) . Secondly, the use of biofuels allows a reduction of the dependence of many Western countries from oil production and extraction (Kallas and Gil, 2015) . Finally, biofuels are considered a way to reduce level of CO2 emissions and increase energy security (Börjesson et al, 2014) . For these reasons, among others, policy makers are promoting the use of biofuels in transportation (Cansino et al, 2012) which leads, therefore, to the consideration of building facilities capable to generate such biofuels (biorefineries) over the world. In this case, we will consider the Spanish Northern region of Navarre as a place where locate a potential biorefinery (see Fig. 1 ). 
Literature Review
Concerning location problems, the places where a facility can be settled up are frequently limited to a finite set of candidate locations (Revelle and Eiselt, 2005) . In a broad sense, there exist three vast classes of FLP depending on modelling approaches: coverage, center of gravity and p-median (Daskin, 2013) . Usually, the customer service depends on the distance between the customers and the facility in such a way that, in order to maximize their utility, customers are assigned to the nearest facility considering an upper bound in distance, and that is called coverage (Farahani et al, 2012) . However, in other cases, this given upper bound is not exogenously taken (i.e. is a variable) and the model tries to minimize it in order to cover all demands. So, distances between any customer and the facility are, therefore, minimized (that is to say, that facility is a center of gravity) (Garfinkel et al, 1977) . Finally, we can consider the numerical demand of potential customer in order to open a facility close enough to those big customers. In other words, facilities are located having the purpose of obtaining the minimum weighted distance (facility is at the median point, p-median) (Klose and Drexl, 2005) .
Apart from classical models, many variations of them have appeared in order to cover new challenges. On one hand, we have paid our interest in the randomess of some variables: demand with some extreme factors (Murali et al., 2012) , or agricultural production (Serrano et al., 2015) . Other models we could have considered are: multiobjective FLP (Amim and Zhang, 2013), location integrated with routing (Location Routing Problem (Escobar et al., 2015) ), and a miscellaneous group of cases due to Owen and Daskin (1998) , Şahin and Süral (2007) , Drezner and Drezner (2007) and Melo et al, (2009) . On the other hand, some works related to FLP solution techniques have been gaining importance along the time. Thus, many algorithms have been developed to face new approaches in FLP modelling such as combining simulation and optimization (Munoz-Villamizar et al, 2014) , genetic algorithms (Korac et al, 2012) or Pareto-based metaheuristics in multiobjective approaches (Rahmati et al. 2012) ; even though exact methods are widely used (Tragantalerngsak et al, 2000) . Furthermore, Mixed Integer Linear Programming (MILP) formulation is required to consider binary decisions such as location and assigning (Diabat et al, 2013) .
Considering jointly the biorefinery and the location literature, only a few works have analyzed biorefinery locations from analytical point of view. Most of them are supported by Geographical Information Systems such as Yu et al. (2014) , using Net Present Value as function objective to be maximized (Marvin et al, 2012) as well as multiobjective programming where You et al. (2012) , for instance, considered economic and environmental criteria. Thus, the contribution of this paper is twofold. On one hand, this article makes a contribution in the scarce field of biorefinery location, solving a real optimization problem. Therefore, the fierce competitive environment for the feedstock in the local markets is taken into account. A high detailed data has been used (genuine biomass production and availability, biomass prices, transportation costs and storage costs) in order cover all the relevant issues that affect to location decisions. On the other hand, a novel methodology based on optimal regions is implemented. That methodology provides helpful graphical solution to the decision makers to focus on a limited, but important, area to make their location decisions.
Methodology
Locating a biorefinery is not straightforward at all and many variables should be considered. Moreover, the Facility Location Problem usually considers a set of points as potential locations (Zanjirani, and Hekmatfar, 2009) , an element which is not particularly helpful for us since we want to derive optimum areas. A Mixed Integer Linear Programming (MILP) model is then developed to generate the vertices of the optimal region. Here, two criteria were selected to be included independently in the objective function: economic and environmental criteria. The former included purchase, transport and stock costs, the latter consisted of the minimization of distance driven. We take for granted that this is not an 'Environmental Impact Minimization Problem' since we are not considering many other factors which are traditional in this problem (road gradient, payload… (Demir et al, 2014) but it is an approximation to that model. Location will not be the only variable we are going to optimize due to the fact that it has a critical influence in the supply chain management of the biorefinery. For that reason, additionally data we considered are related with feedstock production and consumption, prices, transportation costs, depreciation, warehouses, harvest timing… in order to optimize many supply chain characteristics.
Characterizing the biorefinery environment
As a first restriction, the biorefinery must be located inside Navarrese boundaries (see Figure 1) , which give us a solution space of 10,000 km2. Secondly, biomass availability was carefully computed in order to avoid significant food scarcity which could have an impact on prices. With this regard, a genuine number of rape, alfalfa, rice, oat, corn, wheat, and barley as well as agroindustrial wastes are spreading over Navarre and closer regions to be processed by the biorefinery (see Fig. 2.a) . Actually, biorefinery size is determined following this criterion, reaching 150,000 net biomass tons per year, that is, once humidity and depreciation have been removed from purchased biomass.
Optimal area framework
Having the purpose of determining optimum areas, we deployed a grid over Navarre in which every point would be a 'potential location' (see Fig. 2 .b). The distance between each point is about 20 kilometers but this resolution could be arbitrarily modified: the more distance between points we consider, the bigger optimum area we have, and vice versa. Concerning the optimal region size, it would be useless a quite huge optimal region and, similarly, a very small one would have no sense, because the decision maker would have no choices. Then, we will solve the problem with all the points obtaining 'the best location'. Later, the previous point will be removed from the sample and the problem will be solved again obtaining another 'best location' different from the first one. By doing so four times, a squared will be drawn. A fifth point would be required in order to derive the direction of the optimum area. 
The model with economic criterion
A Mixed Integer Linear Programming (MILP) model is built to determine, as mentioned, not only location of the biorefinery but also its supply chain characteristics. In this sense, Table 1 summarizes the sets that will be used, noting that individual crops productions will be aggregated within those located in the same municipality resulting 222 crops. Observe, too, that we consider 13 different kinds of products (rape, alfalfa, rice, oats, corn, wheat, and barley as well as agroindustrial wastes) that have their particular harvest time through the year: obviously, products are not available during the whole year. Meanwhile, Table 2 and Table 3 show the decision variables and parameters selected to be incorporated into the MILP model. 
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The model with environmental criterion
It is possible to have an environmental analysis of the problem, assuming some hypothesis about distances and their relationship with pollutant emissions. Thus, in this problem we have focused on externalities derived from biomass transportation, mainly greenhouse gas (GHG) emissions. Since emissions are a function of fuel consumption, the factors affecting fuel consumption will affect emissions as well (Demir et al, 2014) . There exist plenty of factors we could consider such as distance, payload, road gradient, speed, driver behaviour… However, due to data limitation we have just selected distance as an environmental impact source. Thus, a new objective function is used instead of using the previous one that minimizes total distance:
After the consideration of this objective function, keeping the same constraints depicted in the previous section, we have somehow designed an environmental model easy to solve. We are going to solve it with the same software and computers than it was explained in the previous section. Table 4 shows numerical results corresponding to the vertices of the optimal region with economic criterion whereas Table 5 displays the environmental criterion ones. Absolute results are not shown because of confidential issues; however, change percentages versus the best value (shadow) in each category (i.e. distance, purchase costs, transport costs, storage costs and total costs) are reported. Note that in economic criterion approach, Point 47 gets first position accounting for a 222.77% increasing the distance with respect to the first position in environmental criterion (Point 65). On the environmental criterion side, Point 65 achieves the first position accounting for an 8.72% increasing of total cost to first position in the economic criterion (Point 47). Finally, the reader should take in mind that for each solution displayed in Table 4 and 5, a particular configuration of supply chain is adopted. This implies that, even though two points are in both set of solutions, their purchases, transport and storage polices may be totally different. This is the case, for instance, in point 65 that is the third option in economic approach whereas first in environmental. Fig. 3 shows graphical representation of the results in which red area represents optimal region with environmental criterion and blue area represents optimal region with economic criterion among all the candidate points (blue dots). 
Results

Conclusions
Decisions regarding locations are strategic from the business point of view, determining many other decisions at the tactical and operational levels. Thus, providing a good place to set up a facility is critical and demanding. For that reason, researchers have developed a whole branch concerning this issue which it is called the Facility Location Problem.
In this paper, it is proposed a framework to help decision makers to make easier their decisions about location by providing, not only a point to set up a plant, but also a whole region where the decision makers can focus on. We illustrated this analysis in the real case of locating a biorefinery in Navarre under economic and environmental criteria. Then, a Mixed Integer Programming model was formulated and solved drawing the regions we were looking for, one for each criterion. In the process, the MILP formulation gave us some key supply chain elements: we were able to identify key products, key crops and key months. Analyzing these results, we can isolate and study the optimal management of purchases, transport and stock policies.
As a result, decision makers can focus on a little but important area to locate their facilities where other subjective factors can be added, those that could not be taken into account in the first step because of their complexity or intangibility (Chan, 2001) .
In our example, space where decision maker would focus on is about 0.03% of the total area. Moreover, they can select the criterion they prefer to optimize supply chain: economic or environmental. Noting that, there exist some points along the common line that shares both regions; what implies that decision makers could select a point along this line without caring about economic/environmental criteria. This conclusion is quite a convenient one because by selecting one of those points, decisions about supply chain structure (which will determine economic/environmental criteria) can be put off.
